Oxidative stress as well as inflammation plays a pivotal role in the pathogenesis of atherosclerosis.
Oxidative stress as well as inflammation plays a pivotal role in the pathogenesis of atherosclerosis.
Although, various anti-oxidative dietary supplements have been evaluated for their ability to prevent atherosclerosis, no effective ones have been determined at present. "Camu-camu" (Myrciaria dubia) is an Amazonian fruit that offers high vitamin C content. However, its anti-oxidative property has not been evaluated in vivo in humans.
Methods
To assess the anti-oxidative and anti-inflammatory properties of camu-camu in humans, 20 male smoking volunteers, considered to have an accelerated oxidative stress state, were recruited and randomly assigned to take daily 70 ml of 100% camu-camu juice, corresponding to 1050 mg of vitamin C (camu-camu group; n = 10) or 1050 mg of vitamin C tablets (vitamin C group; n = 10) for 7 days.
Introduction
Accumulating evidence has demonstrated that oxidative stress (i.e., dysregulation of the cellular redox state) and inflammation play a pivotal role in the pathogenesis of atherosclerosis interacting with each other. Although, various anti-oxidative dietary supplements have been evaluated for their ability to prevent atherosclerosis, no effective ones have been determined at present. Vitamin C is not only the most vivo in humans.
Methods

Study design
Study subjects included 20 healthy male volunteers, all of whom were habitual smokers, being considered to have an accelerated oxidative stress state. All of the participants had neither history of atherosclerotic diseases such as coronary artery disease or cerebrovascular disease nor risk factors such as hypertension, diabetes, or hyperlipidemia except smoking habit by the annual physical checkup. The participants were randomly assigned to take daily 1050 mg of vitamin C tablets (vitamin C group; n = 10) or 70 ml of 100% camu-camu juice, containing 1050 mg of vitamin C (camu-camu group; n = 10) as a dietary supplement for 7 days, and to continued smoking. The dose of 1050 mg/day of vitamin C in both groups was decided, based on previous studies [11] , [12] , [13] , [14] , [15] and [16] . In all subjects, 10 ml of urine and 15 ml of peripheral blood were sampled at baseline before intake of these dietary supplements, 7 days after the intake, and 1 month after ceasing the intake as at a washout stage. The blood samples were immediately centrifuged at 1500 × g for 15 min at room temperature. The urine and serum were frozen and stored at −80 °C until analyzed. We measured urine 8-hydroxy-deoxyguanosine (8-OHdG) levels and serum total reactive oxygen species (ROS) levels as oxidative stress markers, and high sensitivity C-reactive protein (hsCRP) and multiple-cytokine levels as inflammatory markers. The local institutional review board approved the study protocol, and written informed consent was obtained from each participant.
Baseline characteristics
Prior to starting the intake of camu-camu or vitamin C, each participant was interviewed with regard to brand of the cigarette and daily number of cigarettes consumed and daily intake of tar and nicotine was calculated as the content of tar or nicotine for each cigarette brand × daily number of cigarettes consumed.
Blood pressure was measured to the nearest 2 mmHg in the same arm at baseline, using a mercury sphygmomanometer with an appropriately sized cuff.
Measurements
Urinary 8-OHdG levels were determined by competitive enzyme-linked immunosorbent assay (ELISA) using the commercially available kit (8-OHdG Check, Japan Institute for the Council of Aging, Fukuroi, Japan) [17] . Serum levels of total ROS were measured using a DEPPD reaction method by Hayashi et al.
[18] applying the Fenton reaction on a multi-well plate. The hsCRP levels were measured by particle- 
Statistical analysis
Values are expressed as the mean ± S.D. for parametric data, and median values and interquartile ranges for non-parametric data. Intergroup comparisons were performed using unpaired t-tests for parametric data and Mann-Whitney's U tests for non-parametric data. Intragroup comparisons for non-parametric data were assessed using Wilcoxon Rank Sum tests. Correlations between two variables were assessed using Spearman rank correlation coefficient. P < 0.05 was considered to be significant.
Results
Baseline characteristics such as the number of cigarettes consumed, daily intake of tar and nicotine, and systolic and diastolic blood pressure were similar in the two groups (Table 1) . Overall, at baseline before taking the dietary supplements, urinary 8-OHdG levels (R = 0.47, P < 0.05), but not serum levels of total ROS (R = 0.15, NS) were correlated with the number of cigarettes ( Fig. 1) . Among 10 cytokines measured, the levels of 8 cytokines (except IL-6 and IL-8) were under the detection limit in almost all subjects, and therefore, were excluded from the analysis. The baseline levels of hsCRP (R = 0.32, NS), IL-6 (R = 0.07, NS), and IL-8 (R = 0.12, NS) were not correlated with the number of daily cigarettes consumed. Table 1 .
Baseline characteristics
Vitamin C (n = 10) Camu-camu (n = 10) Age (year) 36 ± 4 37 ± 8
Height (cm) 171 ± 4 170 ± 5
Weight (kg) 72 ± 10 69 ± 15
Body mass index (kg/m 2 ) 25 ± 3 24 ± 5
Number of cigarette (/day) 24 ± 8 21 ± 9
Tar intake (mg/day) 117 ± 93 143 ± 110
Nicotine intake (mg/day) Figure 1 .
Relationship between baseline levels of oxidative stress markers and the number of cigarettes consumed. Urinary 8-OHdG levels were correlated with the number of cigarettes (left), but total ROS levels were not (right).
In Serial changes in the levels of oxidative stress markers. In the camu-camu group, both levels of urinary 8-OHdG and serum total ROS significantly decreased 7 days after taking the supplement, and were restored at the washout stage of 1 month after cease of intake. In the vitamin C group, however, both levels did not change. Solid line represents median value, box represents interquartile range, and error bar represents 95% confidence interval.
In the camu-camu group, the levels of hsCRP (0. ( Fig. 3) . Tropical fruit camu-camu (Myrciaria dubia) has anti-oxidative and anti... http://www.sciencedirect.com/science/article/pii/S0914508708001500 Serial changes in the levels of inflammatory markers. In the camu-camu group, the levels of hsCRP, IL-6, and IL-8 significantly decreased 7 days after taking the supplement, and were restored at the washout stage of 1 month after cease of intake in hsCRP and IL-8. In the vitamin C group, however, each level did not change. Solid line represents median value, box represents interquartile range and error bar represents 95% confidence interval.
Discussion
The major finding of this study is that both oxidative stress markers, urinary 8-OHdG and serum total ROS levels, and inflammatory markers, hsCRP, IL-6 and IL-8, decreased 7 days after taking daily 70 ml of the 100% camu-camu juice, including 1050 mg of the vitamin C. The levels of these markers except IL-6 were restored at the washout stage of 1 month after ceasing camu-camu intake. However, these changes were not seen after intake of daily 1050 mg of vitamin C tablets in similar subjects. These results suggest that camu-camu juice has more powerful anti-oxidative and anti-inflammatory activities, compared to vitamin C tablets, although the contents of vitamin C are equivalent. In this study, we enrolled male volunteers who were smokers but with neither atherosclerotic disease nor other risk factors so that we aimed to evaluate the anti-oxidant and anti-inflammatory effects of camu-camu using subjects with accelerated oxidative stress independently of other risk factors. Our result of correlation between baseline urinary 8-OHdG levels and the number of daily cigarettes consumed may suggest the validity of subject selection.
Atherosclerosis is characterized by the response of the vessel wall to chronic multifactorial injury leading to the formation of atheromatous or fibrous plaques. Tropical fruit camu-camu (Myrciaria dubia) has anti-oxidative and anti... http://www.sciencedirect.com/science/article/pii/S0914508708001500
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increase in IL-1 receptor antagonist, IL-6, IL-10, and IL-8 following 90 km ultramarathon [11] . In a crosssectional analysis of the third US National Health and Nutrition Examination Survey data, Ford et al. [31] reported that plasma CRP levels were inversely and significantly associated with concentration of vitamin C after adjustment for age, sex, race-ethnity, education, body mass index, leisure-time physical activity, and aspirin use. Because of its particularly high vitamin C content, camu-camu is considered to have high nutritional value.
Our study provides the first in vivo human data demonstrating the anti-oxidative and anti-inflammatory effects of camu-camu juice. Moreover, the effects of camu-camu were more powerful, compared with those of vitamin C tablets, despite the equivalent vitamin C contents. In this respect, there are two possible mechanisms. First, camu-camu possibly contains other anti-oxidative substances besides vitamin C. In addition to high contents of vitamin C, camu-camu contains carotenoids [33] and anthocyanines [34] as potential anti-oxidants. Otherwise, there may be other unknown contents potentially acting as anti-oxidative and/or anti-inflammatory substances in camu-camu. Second, camu-camu may have substances that increase in vivo availability of vitamin C such as by absorption or excretion. Camu-camu also contains high levels of potassium [35] , which is considered to accelerate intestinal absorption of vitamin C [36] . To elucidate these mechanistic issues, the efforts such as search for anti-oxidative or anti-inflammatory substance, or comparison of in vivo vitamin C kinetics between camu-camu juice and vitamin C supplement would be required.
Although the mechanisms are not clear, camu-camu juice has more powerful anti-oxidative and anti-inflammatory properties, compared to vitamin C tablets containing equivalent vitamin C contents, and thus may be expected as a dietary supplement to prevent atherosclerosis.
